Hazardous and dangerous goods are often shipped by air on both passenger and cargo aircraft. These hazardous materials (HAZMAT), also known as dangerous goods (DG), pose a danger to flight safety, passengers, and airline personnel. This research explored how effective the Aviation Safety Reporting System (ASRS) is at identifying aviation related HAZMAT incidents. Early identification of HAZMAT trends using the ASRS data could lead to changes in aviation safety monitoring and reduce the likelihood of a HAZMAT event causing an incident. This study identified prevalent categories ofhazardous material found in reported incidents. The study further identified that most of the HAZMAT incidents involved cargo being flown on passenger aircraft and that two-thirds of the incidents were discovered after take-off. Missing or incorrect documentation was identified in approximately half of the cases. Statistical analysis of the data indicated that HAZMAT paperwork errors correlated significantly with damage to an aircraft and that the source of the problem (passenger carry on, passenger checked, cargo) correlated significantly with where (climb-out, landing, ground, cruise) the problems occurred. JAAER, Fall 20 10 13
Introduction
Purpose This study examined the various types of hazardous material incidents that were reported to the ASRS database and conducted a trend analysis to determine if the ASRS database could be a valid source for determining the extent and type of hazardous material incidents. The purpose of this study was to better understand the type and prevalence of HAZMAT incidents that can affect flight safety. By identiqing trends using the ASRS database, companies and regulatory agencies can focus rules and resources toward reducing these hazards and improve flight safety.
The Aviation Safety Reporting System
The Aviation Safety Reporting System (ASRS) was established in 1976 by the FAA, and uses NASA to act as the third party receiver of reports. The ASRS is a confidential reporting system used by pilots and other aviation personnel to identify potential safety hazards. The reporter is granted limited immunity fkom enforcement action for unintentional and non-criminal violations reported to the database within 10 days of the incident (Elliott & King, 200 1) . According to the NASA ASRS website, more than 7 15,000 reports have been submitted to the database since its inception in 1976. The intent of the database is to reduce aviation accidents and improve safety.
The data for this study were obtained fkom the NASA ASRS database. The database includes records from 1988 to 2008. Earlier data, from 1976 to 1987, were archived by NASA and are not available via public internet access. This research was conducted using the 20 years of available data from 1988 to 2008. NASA evaluates the data to eliminate duplicates, clarifies the reports and removes the identity of the reporter before posting the incident record to the database. Only incident data related to hazardous material were analyzed. One caveat on the ASRS database is that all ASRS reports are voluntarily submitted, and therefore for statistical purposes cannot be considered a random sample of the population and may show a reporting bias. The data in the ASRS database represents the lower bound estimate of the true number of events that have occurred. This study assumed that the reports to the ASRS database are true and accurate descriptions of the incidents.
Research Methodology
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However, there were some significant correlations among the variables themselves: Whether the aircraft was on visual or instrument correlated significantly with altitude and light conditions (r=.43 and .26, respectively, p<.001). Paperwork errors correlated significantly with damage (~.26,p<.Ol). The source of the problem (passenger carry on, passenger checked, cargo) correlated significantly with where (climb-out, landing, ground, cruise) the problems occurred ( F . 17, p<.05-s is a small correlation and is significant only because N=163.
Conclusions The movement of HAZMAT on aircraft can be dangerous to flight safety but is vital in today's economy and therefore will continue in the fbture. Methods to reduce hazards posed by the movement of HAZMAT on aircraft must continue to improve to ensure flight safety for passengers and crew. The ASRS database can provide historical insight into the improper transportation of hazardous material on aircraft, and should be used as one of many tools in improving flight safety.
Based on the research conducted, VOC or flammable material, batteries, and oxygen or pressurized bottles were identified as the cause in 49% of all incidents reported to the ASRS database. By focusing on reducing incidents of these categories, the overall number of HAZMAT incidents may be greatly reduced. Figure 2 shows that 60% of the HAZMAT incidents occur in revenue generating cargo, and Figure 3 shows over 53% of the incidents occurred on passenger aircraft. In this area, the greatest improvement to flight safety would result by reducing the HAZMAT incidents associated with cargo being flown on passenger aircraft. This may require additional cargo screening and education of both shippers and ground handling personnel.
According to the ASRS database, 70% of HAZMAT incidents are discovered after the aircraft has become airborne, too late to ensure flight safety. When HAZMAT issues are discovered in flight, one-third of these lead to a flight diversion, costing the airline tens of thousands of dollars per diversion or a possible incident or accident. Statistical analysis of the date showed that the Hazardous source of the problem (passenger cany on, passenger checked, cargo) correlated significantly with where (climbout, landing, ground, cruise) the problems occurred.
Missing or incorrect documentation was found in 49% of the incidents. In itself, this may not cause a HAZMAT incident, but it can affect flight safety when the flight crew is not properly advised as to the type of material being carried. Missing or incorrect documentation may also indicate a lax attitude toward the movement of hazardous material on aircraft. Statistical analysis of the data showed that paperwork errors correlated significantly with damage.
Based on the research conducted, 23% of the incidents were caused by improperly packaged or loaded hazardous material. Unlike the missing or incorrect documentation, the mishandling of HAZMAT has a direct impact on flight safety. Forty-seven of the 55 records associated with improperly packaged or loaded goods indicated leakage and, therefore, potentially directly affected flight safety. Twenty-six percent of the incidents involved the transport of HAZMAT, either in excess of the allowance limit or without proper authorization. Often times a lack of training was noted in the ASRS database for this failure.
As this research has suggested, the ASRS database can be used for a trend analysis of HAZMAT incidents on aircraft. The result of a trend analysis may reduce the number of future HAZMAT incidents and improve flight safety. By utilizing trend analysis of the ASRS database, both corporations and governments can decide where to focus their limited resources to improve flight safety.
Recommendations The FAA and airlines have limited resources and thus must focus their efforts to ensure that flight safety is maintained at a reasonable cost. Based on the research outlined in this study, the ASRS database identified several areas that the FAA and airlines should focus on, namely, education, inspection, and enforcement activities as they relate to HAZMAT issues. The following recommendations are based on the research conducted and conclusions stated above.
The FAA and airlines should focus their efforts on all HAZMAT being transported. Training by the airlines should be focusing on the proper shipment of VOC's, flammable material, batteries, and oxygen or pressurized bottles, thus potentially reducing the overall number of HAZMAT incidents. Further, FAA efforts to improved screening of cargo being flown on passenger aircraft may reduce the amount of improperly shipped or loaded HAZMAT and therefore increase flight safety. cargo screening and education programs for shippers and The FAA and airlines should also focus their ground handling personnel as well as flight crews. efforts on ensuring that all HAZMAT is properly This research is limited to HAZMAT issues found documented, packaged, and loaded on the aircraft and that in the ASRS database; however, the database can be used the flight crews are fully and accurately informed about the for trend analysis for other flight issues. Further research materials they are carrying. The FAA may consider some should be conducted using the ASRS database to identify type of certification or licensing program for ground other flight safety issues..) handlers and the airlines should develop or expand their training of ground handlers. This may require additional Robert Walton holds a Master of Business Administration and a Master of Aeronautical Science and is completing work on a Ph.D in Business Administration. Robert teaches and conducts research on various aeronautical and related subjects at Embry-Riddle Aeronautical University -Worldwide.
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